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Plastics are indispensable to our modern way of life. Conventional plastics, manufactured from fossil fuels such as oil, coal, and natural gas, do not only consume non-renewable and finite resources, but also contribute heavily to the global problem of waste disposal. Water soluble plastics are being prepared and tested in order to help reduce solid pollution. Kappa-carrageenan (κC) is a polysaccharide extracted from Eucheuma cottonii and some Chondrus and Gigartina species of red seaweeds (class Rhodophyceae) [1] . The κC is one of the three most important commercial forms of carrageenans [2] . It has a primary structure based on an alternating disaccharide repeating unit of α-(1-3)-D-galactose-4-sulphate and β-(1-4) 3,6-anydro-D-galactose [3] .
This study intends to develop water soluble films from κC using separately three different enhancers which will improve the solubility, tensile strength and water vapor permeability of the plastic film. This plastic is intended to reduce solid waste due to insoluble plastics. The film will improve the safety and extend the shelf-life of the fruits by protecting from external factors of rotting. It will allow ethylene, a gas responsible for ripening of fruits, escape through the film and at the same time protect the fruit from insects and microorganisms.
Kappa-carrageenan will also be subjected to carboxymethylation process to produce the carboxymethyl-kappa-carrageenan (CMκC). This product will be compared to the properties of the non-modified κ-carrageenan as a potential packaging film.
Enhancers play an important role in polymer compounding for the preparation of water-soluble films. The enhancers to be added are carbopol, boric acid, and glycerol. They increase elongation and flexibility, reduces melt temperature, and lowers viscosity [4] . The selection of enhancer to be applied to the polysaccharide will determine the physical, mechanical, and chemical properties of the polysaccharide-based water soluble plastic film applicable for food packaging. The research will also focus on the best proportion of these enhancers to the κC or to the CMκC that will give the desired properties required in fruit packaging films. These are water solubility, least water vapor permeability, greatest tensile strength, flexibility, smoothness and clarity.
The dried films will then be subjected through a series of physical, mechanical, and chemical tests. The Universal Testing Machine (UTM) will be used to determine the tensile strength. The rate of biodegradation will be observed using the soil burial and seawater decomposition tests. Water vapor permeability analysis will be conducted for a period of 7 days. The evaluation of these tests will be limited on visual assessment applicable for fruit packaging and weighing of the samples before and after the tests. Carboxymethylation. κ-Carrageenan (120g, 0.3117mol) was dissolved in a solvent mixture of isopropanol:water (80:20 by volume, 1080g). A 10M NaOH solution (156mL) was added and constantly stirred for 1 hour to form slurry. Monochloroacetic acid (MCA) (88.36g, 0.935mol) was then added to the slurry and stirred at room temperature for 30 minutes. This mixture was heated at 30 o C for three hours. The carboxymethyl product was adjusted to pH 5.5 to 6.5 through addition of glacial acetic acid. The mixture was washed with 76% isopropanol and afterwards with absolute isopropanol. The mixture was vacuum filtered and oven dried. The carboxymethylation process was repeated three times [5] .
EXPERIMENT
Addition of Enhancers 1. Glycerol. Trial-and-error was conducted for the selection of parameters (i.e., concentration, time, and temperature for drying) prior to three experimentations. Six samples of different concentrations were prepared. Samples 
2.
Carbopol. Three samples of κ-carrageenancarbopol mixture were prepared. Carbopol ( Figure 2 ) was weighed according to the required compositions and was dispersed in 25 mL distilled water for 24 hours. For samples A2, B2, C2, the amount of carbopol was 0.04, 0.05, and 0.06 g respectively. After the carbopol was dissolved, 0.5 g of κ-carrageenan was added. The slurry was then immediately mixed into a homogenous solution to prevent the carrageenan from forming into a gel. The sample was oven-dried at 75°C for 3 and a half hours. Three samples were also made for the CMκC except that the weight was 1.5 g, designating the samples as D2, E2, and F2. Testing. The following tests were conducted to determine and evaluate the performance and behavior of the water-soluble films. Solubility in water, acid, and base, mechanical test, disintegration test, and water vapor permeability were analyzed.
1. Solubility Testing. Sample films of similar sizes (0.25 by 0.5 inches) with measured weight were submerged in a vial with 20 mL of distilled water. The time it took for the samples to be completely dissolved were recorded. This process was also done for the acid and base solubility test using 1.0 N HCl and 1.0 M NaOH.
Rate of Disintegration Testing. Two methods were performed to determine the rate of disintegration of the films. These include soil burial test and seawater decomposition test.
a. Soil Burial Test. This test was conducted for the film's probable burial in landfills. The films were cut into a size of 0.5 in by 1.0 in and then weighed. These films were then buried into separate plastic cups containing 80g of an ordinary garden soil sprinkled with 5 mL of tap water everyday. After each day, the films were observed. containing 20mL of 10% seawater solution. The time it took to dissolve the samples were recorded.
3. Mechanical Testing. Three samples for every formulation were prepared for the mechanical testing using the Universal Testing Machine (UTM). The samples were cut into a size of 0.5 inches in width. The thickness of every sample was measured using a vernier caliper. Each end of the sample was clipped in the grips and a ruler was placed adjacent to the set up to measure the elongation before breakage. The mean tensile strength was then noted as shown in the scale.
4. Water Vapor Permeability Test. ISO 2528 was originally designed for the determination of water vapor transmission of the materials with low vapor permeability, not suitable for highly permeable films [6] . Low vapor permeability was first assumed in this experiment. A 55mL-capacity shallow glass shots were filled with recorded weight of 40mL distilled water. Each glass shots were covered with prepared samples. These samples were kept in a cabinet with paper covering around the transparent surface of the glass shot. The whole assembly was then weighed and reweighed after a certain period of time. The water vapor permeability of the sample film is the loss in weight of distilled water in the glass shot, expressed in g/ m 2 /day.
5. Rate of Swelling Analysis. The films were cut into a size of 0.5 in by 1.0 in and then weighed. These films were then submerged in a vial filled with 20 mL of distilled water. For every 15 minutes these samples were removed from the water using forceps and weighed, until disintegration. Three trials were obtained for non-modified blended samples. The rates of swelling were then computed by dividing the original weight with the time when disintegration was reached.
RESUL RESUL RESUL RESUL RESULTS AND DISCUSSION TS AND DISCUSSION TS AND DISCUSSION TS AND DISCUSSION TS AND DISCUSSION
Carboxymethylation of κ κ κ κ κ-Carrageenan. The first step of carboxymethylation was the alkalization of the hydroxyl group (-OH) of kappa-carrageenan molecule. It was activated and transformed into a more reactive form of kappa-carrageenan alkoxide (κC-O -) [5] . The second step was etherification to form the carboxymethyl-κ-carrageenan (see Figure 4) .
Addition of Enhancers.
Several trials were conducted to achieve the best κC-water mixture. By visual assessment, it was found out that the best mixture (homogeneous) was 1.0 g of κC and 25mL of water. However, when the enhancers were added, each of them gave different responses as compared to a commercial fruit packaging film. Because of this, the amounts of κC and water were adjusted to maintain the good appearance of the film. 
The drying time of the samples were properly adjusted to avoid over drying so that it would not be hard to scrape the film from the petri dish. The drying rate of the samples with different enhancers differ from each other, that is why even though the samples had uniform composition and same molder, the thickness and brittleness varied.
Solubility Test Results

Water Solubility Test Results
The results of the water solubility tests for the films enhanced with glycerol, carbopol, and boric acid are shown in Tables 1 and 2, 3 in these six tables, the samples that took the longest time to dissolve were those samples with the lowest amount of enhancers. As the amount of enhancers was increased, the samples became more soluble. This could have been due to the OH groups, making the samples more hydrophilic. The presence of hydroxyl groups attached to the main chain had significant effect. The polymer is hydrophilic and it will consequently dissolve in water.
Among the three enhancers, the least soluble in water was carbopol. Carbopol, a polyacrylic acid tends to dimerize (to bond with the same molecule). The dimer has no more available hydrogen to bond with the water molecules. By this reason, less hydrophilicity occurred.
As seen in the tables, there was a large difference between the dissolution time of κC and CMκC. CMκC has a lone pair in carbonyl group in which the hydrogen molecule of water can attach. The structure of CMκC is more ionic, which makes it more soluble in water. The hydrogen in the main chain of the non-modified κC formed a hydrogen bond with the water molecules and swell before it will totally disintegrate. This is the reason why it took longer time to dissolve than the CMκC.
Acid and Base Solubility Test Results. The dissolution of all samples, κC and CMκC-based film enhanced with glycerol, carbopol, and boric acid, on HCl and NaOH (aside from water) were tested. Part of the samples was disintegrated but these samples had not been fully dissolved.
Rate of Disintegration Testing
Soil Burial Test. The evaluation of the soil burial test was limited on visual assessment since the films were soluble in water. The weight of the film after conducting the test was noted because the film had disintegrated. The time however, when the film was completely dissolved in the wet soil was recorded to measure the rate of disintegration of the plastic. The addition of distilled water in the soil hence, helped in the rapid degradation of the plastic films. CMκC-based films had completely degraded on the second day of soil burial testing. Samples made from κC, on the other hand, degraded few days longer than CMκC. After each day, the weight of the κC-based films increased due to the swelling property of κC. It had absorbed the water in the soil. However, after a certain time, the films were dissolved. This means that the plastic had already reached its maximum swelling rate. Disintegration of the film was then observed throughout the continuation of the test until it completely depleted. κC-based films enhanced with boric acid dissolved in soil after 8-9 days. Films with carbopol disintegrated on 11 th -12 th day of testing. Films with glycerol which were the most soluble showed the fastest rate of disintegration. It disintegrated after 5-6 days. Similarly, as the amount of enhancer increases, the more soluble the film was in water, which also denotes the more rapid it depletes in the soil.
Seawater Decomposition Test. The results of the seawater decomposition test presented were only of the CMκC-based film as the non-modified κ-carrageenan-based film tested on seawater had not yet been dissolved in three months.
Ions present in the κC and in the prepared seawater formula served as cross linker that made it insoluble in seawater. CMκC samples became ionic which led to better results for seawater decomposition test. It was observed that the effect of boric acid and glycerol in the blend was to increase water absorption. This was due to increase of -OH groups present in boric acid and glycerol. This suggested that the rate of solubility was faster in boric acid and glycerol than in carbopol. Furthermore, the enhancer added reflected the extent of the rate of solubility in seawater.
Mechanical Test. The mechanical properties of the plastic films were analyzed by obtaining its tensile strength through the Universal Testing Machine (UTM). Three trials were conducted for each sample formulation to ensure viability of the results. The mean percentage tensile strength was obtained. 
Different comparisons were carried out to weigh up the influence of various enhancers and the effect of modification procedure on the mechanical and physical properties of the film. The results obtained from the test showed that the less amount of enhancer was added, the higher tensile strength was obtained. The enhancers, therefore, acted as lubricants that reduced the intermolecular forces in the film [4] . These forces, Van der Waal's and dipole-dipole forces are responsible for the rigidity of the unenhanced polymer. However, comparing sample A4 with sample A3 showed that the enhanced film has a higher value of tensile strength than the unenhanced one. The length of drying time accounts for the properties of the film. Sample A4 was dried a couple of hours longer than sample A3. This method however, resulted into a decrease in the moisture content of the sample. This then lead to degradation of the polymer within the matrix. Moisture loss can account for rapid aging of the polymer [7] .
The physical strength properties of the film are primarily a function of the amount of enhancers added. Ultimate tensile strength was obtained by using as little enhancer as possible, while increased flexibility was obtained by increasing the amount of enhancer. As shown in Table 14 , sample A3 demonstrated flexibility, smoothness, and clarity as the properties of the film.
As presented in the tables 10-16 the values attained from the UTM showed that êC-based films were stronger than CMκC-based films.
The chemical structure of κC showed that the hydrogen of the seaweed polysaccharide is free to form a hydrogen bond with the oxygen of the water and enhancers. Knowing that hydrogen bond is the strongest type of bond, κC-based films established improved mechanical properties than CMκC-based films. Water Vapor Permeability Test. The water vapor permeability test was conducted for seven (7) days. The results for all the enhancers are similar as the data showed that increasing the amount of enhancers resulted to a less permeable plastic film. This was due to the crosslinking properties of the additives used. Glycerol, carbopol, and boric acid acted as crosslinkers in the plastic matrix which made the bonds of the polymer molecules more compact preventing the water vapor to pass through the film [8] . 
